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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a microreactor
which is employed for inspection and analysis of a bio-
logical substance by using gene amplification reaction,
antigen-antibody reaction or the like, inspection and anal-
ysis of other chemical substances, and chemical synthe-
sis of a target compound by organic synthesis.

BACKGROUND ART

[0002] In recent years, micromachining technology
and ultra microfabrication technology have made it pos-
sible to develop a one-chip system where conventional
apparatuses or means (e.g., pump, valve, flow path and
sensor) for sample preparation, chemical analysis and
chemical synthesis are formed into a microstructure (Pat-
ent Document 1). This system is also called the n-TAS
(Micro Total Analysis System), bioreactor, lab-on-chips
or biochip. The application of this system is anticipated
to bring about a great success in the field of medical
inspection, diagnostic field, environmental measuring
field, and agricultural production field. In practice, as can
be observed in genetic screening, when a complicated
process, skilled manipulation and operation of instru-
ments are required, an automated and simplified high-
speed micro-analysis system can be said to bring about
huge benefits of the required cost, amount of samples
and time as well as no restriction of time and place of
analysis.

[0003] In various forms of analysis and inspection, the
chip for analysis is required to provide superb quantitative
property, accuracy and economy in analysis. To achieve
these objects, it is important to establish a liquid feed
system characterized by a simple structure and high re-
liability. Thus, there has been an intense demand for a
micro-fluid control elements characterized by a high de-
gree of accuracy and reliability. The present inventors
have already proposed a micro-pump system and its con-
trol method preferably used to achieve these objects
(Patent Documents 2 through 4).

[0004] The aforementioned analysis chip is preferred
to permitreaction between a sample and a mixed reagent
prepared by mixing a plurality of reagents. However, such
a so-called micro-reactor requires that various forms of
mixing operation such as mixing between reagents, mix-
ing between a reagent and sample are performed within
a single chip. This requires a high degree of accuracy in
the feed of reagents and others, as exemplified by exact
timing for confluence with various reagents and others,
and feeding of reagents and others under a predeter-
mined pressure. Failure of high-precision feed of the re-
agents and others will lead to adverse effect upon reac-
tion and result of detection.

[0005] Inthe meantime, as a mechanism for feeding a
trace quantity of liquid in the minute flow path in the afore-
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mentioned analysis chip, a various kinds of methods such
as a method based on differences in pressure of gases
have been proposed. However, in the drive operation
based on the principle of pressure difference based on
suction and pressurization wherein a gas of predeter-
mined pressure is used as a driving force, the stability of
liquid feed tends to be disturbed by expansion and shrink-
age of the gas when there are temperature differences
in various regions within a flow path. Another problem is
that, if there is a mechanism where a great pressure loss
is caused in the middle of the flow path, there is a big
change in flow rate before and after the passage of liquid
through the portion where the great pressure loss is
caused.

[0006] On the other hand, a liquid feed method for mi-
cro-fluid device is disclosed, where by using an oily driv-
ing solution, an aqueous solution incompatible with the
oily solution is pushed downstream, whereby the liquid
is fed (Patent Document 5) .

[0007] However, the aforementioned problems can be
caused when air bubbles are present between these lig-
uids. For example, if the solution to be fed is put into the
minute flow path of an analysis chip, and a driving solution
is poured thereafter from the upstream thereof through
the inlet of the chip via a pipe or the like, air bubbles are
often present between these liquids.

Further relevant documents are:

EP 1 440 732 A, which discloses a microfluidic de-
vice, which works due to the difference in capillary
attraction of the different capillaries.

WO 98/53311 A, which discloses an apparatus for
microanalytic and microsynthetic analysis. The ap-
paratus uses the centripetal force to move fluids
through the microchannels.

EP 0 803 288 A, which discloses a device for ana-
lyzing a sample. The device is operated by capillary
attraction and suction pressure.

WO 02/083310 A, which discloses a microfluidic me-
tering device. The document does not disclose water
repellent valves.

Patent Document 1: Unexamined Japanese
Patent Application Publication No. 2004-28589
Patent Document 2: Unexamined Japanese
Patent Application Publication No.
2001-322099

Patent Document 3: Unexamined Japanese
Patent Application Publication No.
2004-108285

Patent Document 4: Unexamined Japanese
Patent Application Publication No.
2004-270537

Patent Document 5: Unexamined Japanese
Patent Application Publication No. 2004-61320



3 EP 1 946 830 B1 4

DISCLOSURE OF INVENTION
OBJECT OF THE INVENTION

[0008] The present inventors have already proposed
in the JP-2005-276799 a technology to solve the afore-
mentioned problems. In the technology proposed there-
in, when the reagent filled in the flow path of the micro-
reactor is pushed out downstream by the aqueous driving
solution and is fed out, in the initial stage before the driv-
ing solution is brought into contact with the reagent, air
presented between them is allowed to escape through
an air evacuation flow path characterized by a small di-
ameter and a hydrophobic inner surface, whereby air
bubbles are discharged to the outside.

[0009] However, ifthe water repellency of the air evac-
uation flow path is not sufficient or the anticipated minute
shape is not a desired shape, the leakage of the driving
solution from the air evacuation flow path cannot be com-
pletely blocked by the water repellency. The driving so-
lution may leak by liquid pressure.

[0010] An object of the present invention is to provide
a microreactor for causing reaction between a sample
and mixed reagent prepared by mixing a plurality of re-
agents, wherein this microreactor provides high-preci-
sion control of the timing for mixing liquids such as rea-
gents, the mixing ratio of liquids and liquid feed pressure,
without allowing air to be entrapped between a driving
solution and the reagent.

MEANS FOR SOLVING THE OBJECT

[0011] A microreactor of the present invention is char-
acterized in that the microreactor comprises in a plate
like chip:

areagent storage section; the reagent storage sec-
tion including:

a storage chamber for storing a liquid reagent
therein;

an inlet through which a driving solution is in-
jected into the storage chamber; and

an outlet through which the reagent is pushed
out of the storage chamber by the driving solu-
tion having been injected,

a reagent feed-out flow path which communicates
with the reagent storage section and through which
the reagent is fed out of the reagent storage section;
an opening which communicates with the inlet of the
reagent storage section through a flow path and is
configured to communicate with an external pump
for feeding the driving solution when the external
pump is connected to the chip;

a branch flow path which is branched off, at a branch
section at a position of the inlet, from the flow path
connecting the opening to the inlet; and
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an air evacuation flow path which is provided in the
branch flow path, and whose distal end is open to
an outside, a water-repellent valve which is provided
at the outlet of the reagent storage section; and

a water-repellent valve which is provided at the inlet
of the reagent storage section; and

wherein a flow path resistance of the air evacuation
flow path when a liquid flows therethrough is greater
than a flow path resistance of a flow channel, which
starts from the branch section as a starting point and
includes from the branch section to the reagent feed-
out flow path when the liquid flows through the flow
channel, the flow channel, so that after the fed driving
solution has removed air existing between the rea-
gent and the driving solution through the air evacu-
ation flow path and the branch flow path has been
filed with the driving solution, the driving solution
pushes out the reagent filled in the reagent storage
section therefrom into the reagent feed-out flow path
while allowing no air to be entrapped between the
driving solution and the reagent.

[0012] Further, in the microreactor of the present in-
vention, a flow path resistance of the air evacuation flow
path when the liquid flows therethrough is preferably 10
times or higher than a flow path resistance of the flow
channel when the liquid flows therethrough, the flow
channel which starts from the branch section as a starting
point and includes from the reagent storage section to
the reagent feed-out flow path.

[0013] In the present invention, the "reagent feed-out
flow path" can be exemplified by a flow path from the
outlet of the reagent storage section to the junction for
confluence with other reagents, a flow path to a reaction
section where a reagent is fixed in the chip, and a flow
path to the heating section for activating a biochemical
reaction.

[0014] In the aforementioned invention, an air evacu-
ation flow path is provided on the upstream side from the
inlet of the reagent storage section. This arrangement
ensures the existing air between the liquids to be re-
moved from the air evacuation flow pathin the initial stage
where an external pump is connected to the microreactor
to feed the driving solution into the inlet.

[0015] The flow path resistance when a liquid flows
into the air evacuation flow path is greater than the flow
path resistance of the flow channel when a liquid flows
through the flow channel from the aforementioned rea-
gent storage section to the reagent feed-out flow path
where the aforementioned branch section is assumed as
the starting point. Accordingly, even if a leakage of driving
solution from the air evacuation flow path occurs after air
has been removed from this air evacuation flow path, the
amount of the leakage can be lowered. Further, if the
flow path resistance of the evacuation flow path when a
liquid flows through the air evacuation flow path is at least
10 times greater, the aforementioned leakage can be re-
duced to a very small level.
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[0016] Thus, even if there is a leakage of the driving
solution from the air evacuation flow path, the intended
liquid feed operation is not affected at all. Further, since
air bubbles are removed, this structure ensures high-pre-
cision control of timing for mixing liquids such as rea-
gents, mixing ratio of liquids and liquid feed pressure.
[0017] Although for complete elimination of the possi-
bility of leakage of the driving solution from the air evac-
uation flow path, high precision in the minute shape of
the air evacuation flow path is essential, leakage of the
drive solution from the air evacuation flow path does not
raise any problem in the present invention. Accordingly,
the present invention does not require high precision in
minute shape.

[0018] Further, in the aforementioned invention, a flow
path resistance of the air evacuation flow path when an
air flows therethrough is preferably smaller than a flow
path resistance of the flow channel when the liquid flows
therethrough, the flow channel which starts from the
branch section as a starting point and includes from the
reagent storage section tothe reagentfeed-out flow path.
[0019] This arrangement allows the driving solution to
flow into the branch flow path without pushing out a re-
agent in the reagent storage section in the initial stage
of the operation of feeding the driving solution into the
reagent storage section, and the driving solution fills the
branch flow path while removing air from the air evacu-
ation flow path.

[0020] Whenthedrivingsolution flows into the air evac-
uation flow path after complete evacuation of air, there
is a great increase in the flow path resistance of the air
evacuation flow path, and the driving solution flows into
the reagent storage section so that the reagent is pushed
out downstream.

[0021] As described above, the present invention ca-
pable of ensuring complete evacuation of air bubbles pro-
vides high-precision control of timing for mixing liquids
such as reagents, mixing ratio of liquids and liquid feed
pressure.

[0022] Further, in the microreactor of the present in-
vention, the microreactor comprises:

awater-repellent valve which is provided at the outlet
of the reagent storage section; the water-repellent
valve including:

a liquid-feed controlling flow passage which con-
nects a flow path on a side of the reagent storage
section to a flow path on a downstream side of the
liquid-feed controlling flow passage, and have a
cross-sectional area smaller than a cross-sectional
area of these flow paths,

wherein the water-repellent valve prevents areagent
from passing through unless a liquid feed pressure
reaches a predetermined pressure and allows the
reagent to pass through when the liquid feed pres-
sure equal to or higher than the predetermined pres-
sure is applied, and it is preferable for a liquid to be
able to be fed at a flow rate Q of the liquid flowing
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into the branch section from the opening which sat-
isfies the following relationship:

P/R., < Q £ P/Ra
wherein:

P is a pressure where a reagent passes through
the water-repellent valve;

Ry is a flow path resistance where an air passes
through the air evacuation flow path; and

R is a flow path resistance where a liquid pass-
es through the air evacuation flow path.

[0023] In the abovementioned invention, in the initial
stage of feeding out the driving solution into the reagent
storage section, the driving solution enters the branch
flow path without pushing out the reagent beyond the
water-repellent valve at the outlet of the reagent storage
section and fills the branch flow path while evacuating
air from the air evacuation flow path, because the flow
rate of the driving solution is assumed as Q <P/ R,.
[0024] The flow rate of the driving solution is assumed
as P/R| <Q. Accordingly, when the driving solution flows
into the air evacuation flow path after complete evacua-
tion of the air, it pushed the reagent out beyond the water-
repellent valve.

[0025] As described above, this arrangement capable
of ensuring complete evacuation of air bubbles provides
high-precision control of timing for mixing liquids such as
reagents, mixing ratio of liquids and liquid feed pressure.
[0026] Further, the microreactor of the present inven-
tion, comprising:

a plurality of the reagent storage sections;

a plurality of the reagent feed-out flow paths; and
ajunction at which each of the plurality of the reagent
feed-out flow paths meets,

wherein a ratio between a fluid resistance of each of
the air evacuation flow paths when a liquid flows
therethrough is preferably substantially the same as
aratio between a flow path resistance of each of the
flow channels when a liquid flows therethrough, the
flow channel which starts from the branch section as
a starting point and includes from the reagent stor-
age section to the reagent feed-out flow path.

[0027] In the aforementioned invention, in each of the
flow paths corresponding to each of the reagents, the
ration between the volume of the driving solution leaking
out of the air evacuation flow path and the volume of the
reagentflowinginto the junction is substantially the same.
This ensures easy control of the micro-pump as an ex-
ternal pump. To put it another way, the voltage control
of each of the micro-pumps for pushing out various rea-
gents by feeding out the driving solution can be simplified,
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for example, unified. There is no need of using compli-
cated control for each micro-pump to keep the reagent
mixing ratio constant.

[0028] The microreactor of the present invention com-
prises:

a reservoir section which is provided on an exit side of
the air evacuation flow path for reserving the driving so-
lution fed out through the air evacuation flow path.
[0029] Installation of a liquid reservoir section having
a predetermined capacity ensures that the driving solu-
tion leaking from the air evacuation flow path can be ac-
commodated into a predetermined site. This eliminates
the possibility of the driving solution leaking from the chip
or moving to an unwanted site.

[0030] The aforementioned invention preferably com-
prises:

an opening which is communicated with the reservoir
section and whose distal end is open to an outside;
and

a water-repellent valve which is provided between
the opening and the reservoir section; the water-re-
pellent valve including:

a liquid-feed controlling flow passage which con-
nects a flow path on a side of the reservoir section
to a flow path on a side of the opening, and have a
cross-sectional area smaller than a cross-sectional
area of these flow paths,

wherein the water-repellent valve prevents the driv-
ing solution from passing through to an side of the
opening unless a liquid pressure exceeds a prede-
termined pressure.

[0031] Installation of such a water-repellent valve en-
sures that the air having passed through the air evacu-
ation flow path can escape from the opening to the out-
side, and avoids possible leakage of the driving solution
from the reservoir section through the opening.

[0032] Further, the storage chamber of the microreac-
tor of the current invention can be filled with a reagent.

ADVANTAGE OF THE INVENTION

[0033] The microreactor of the present invention en-
sures high-precision control of timing for mixing liquids
such as reagents, mixing ratio of liquids and liquid feed
pressure, without air being caught between the driving
solution and reagent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Fig. 1 is a schematic configuration diagram repre-
senting connection between a microreactor, micro-
pump and driving solution tank in a first embodiment
of the present invention;

Fig. 2 is a diagram showing a water-repellent valve;
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Fig. 3isadiagram showing areagent storage section
in the first embodiment of the present invention;
Fig. 4 is a diagram representing the structure of an
air evacuation flow path provided on the upstream
side from the reagent storage section and flow paths
provided on the periphery thereof in the first embod-
iment of the present invention;

Fig. 5 is an enlarged view of the air evacuation flow
path;

Fig. 6 is a diagram showing how the branch flow path
is filled with driving solution in the state of Fig. 4;
Fig. 7 is a diagram showing how the reagent is
pushed out by the driving solution after the branch
flow path is filled with the driving solution in the state
of Fig. 6;

Fig. 8 is a diagram representing the structure of the
air evacuation flow path arranged on the upstream
side from the reagent storage section and flow paths
provided on the periphery thereof in a second em-
bodiment of the present invention;

Fig. 9 is a diagram showing how the driving solution
enters the air evacuation flow path in the second
embodiment of Fig. 8;

Fig. 10 is a diagram showing the structure of the flow
path upstream of the reagent feed-out flow path in
the second embodiment of Fig. 8;

Fig. 11 is a diagram showing how the reagent is fed
out downstream by the driving solution in the em-
bodiment of Fig. 10;

Fig. 12 is a plan view showing the second embodi-
ment of the microreactor of the present invention;
Fig. 13 is a perspective view representing a micro-
pump unit used in the microreactor of Fig. 12;

Fig. 14 is a cross sectional view representing the
micro-pump unit of Fig. 13;

Fig. 15 is a perspective view showing an example of
an integrated micro analysis system; and

Fig. 16 is an internal structure of the system body in
the integrated micro analysis system of Fig. 15.

NUMERALS
[0035]

1 Microreactor

2 Integrated micro analysis system
3 System body

11 Micro-pump unit

12 Micro-pump

13 Chip connection section

14, 15, 15a, 15b, 15c ... Opening
16a, 16b .... Through-hole

17, 18, 19 ... substrate

20 Flow path

21 Piezoelectric element

22 Pressure chamber

23 1st flow path

24 2nd flow path
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25 1st liquid chamber

26 2nd liquid chamber

31 Pump connection section

32, 32a to 32k ... Opening

33, 33a, 33b, 33c ... Reagent storage chamber
34a Storage chamber

34b Inlet

34c Outlet

35 Junction

36 Reagent mixing flow path

37 Sample reception section

38 Junction

39 Reaction section

40 Detection section

41 Junction

42 Reservoir section

43, 43a, 43b, 43c ... Reagent feed-out flow path
44,443, 44b ... Flow path beyond the branch section
45 Flow path

45a Branch flow path

46,464, 46b ... Air evacuation flow path 47 Aqueous
reagent

48 Oily solution (sealant)

49 Aqueous solution

50 Driving solution

51, 51a, 51b, 51c ... Water-repellent valve
52 Liquid feed controlling flow passage
53a, 53b ... Flow path

54 Solution

55 Branch section

56 Opening

57,57a, 57b... Reagent

61 Driving solution tank

62 Storage member

63 Insertion port

64 Display section

65 Conveyance tray

66 Peltier element

67 Heater

68 Light source

69 Detector

70 Air bubbles

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] A microreactor of the present invention is used
to cause reaction between sample and reagent for vari-
ous forms of inspection, chemical analysis, chemical syn-
thesis and processing and separation of the sample in a
minute flow path or structural member.

[0037] Application of the microreactor of the present
invention includes inspection and analysis of the biolog-
ical substance by gene amplification reaction and anti-
gen-antibody reaction, chemical synthesis of the target
compound by the inspection and analysis of other chem-
ical substances and organic synthesis, efficacy screen-
ing, extraction of pharmaceuticals, and formation and
separation of metal complex.
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[0038] Inapreferred embodiment of the presentinven-
tion, the microreactor has the following components with-
in the plate like chip:

(i) a plurality of reagent storage sections including a
storage chamber for storing a reagent, an inlet for
feeding a driving solution into the storage chamber,
and an outlet through which the reagent is pushed
out of the storage chamber by the driving solution
having been supplied;

(ii) a reagent mixing section for preparing a mixed
reagent by mixing a plurality of reagents fed out of
the plurality of reagent storage sections;

(i) a sample reception section having an inlet
through which a sample is supplied from an outside;
and

(iv) a reaction section for causing reaction by mixing
the mixed reagent fed out of the reagent mixing sec-
tion with the sample fed out of the sample reception
section.

[0039] A plurality of the aforementioned reagent stor-
age sections, reagent mixing section, sample reception
section and reaction section communicate with one an-
other through flow paths incorporated in the aforemen-
tioned chip.

[0040] In addition to the aforementioned components,
structural members having various forms of functions are
provided within the chip, as required. Such a structural
member is exemplified by a member for controlling the
liquid feed, a storage section for storing processed solu-
tion other than sample and reagent, a pre-processing
section for providing pre-processing prior to the reaction
with the reagent for the purpose of removing unwanted
components contained in the biological sample and oth-
ers, a detection section for detecting target substances
included in the solution after reaction, and a waste liquid
reservoir section for reversing waste liquid.

[0041] The liquid feed control member is exemplified
by a check valve, active valve, and water-repellent valve
(to be described later).

[0042] The storage section for storing various forms of
processing solutions is exemplified by a storage section
for a cleaning solution for washing a carrier such as a
flow path wall and beads in which a required substance
is adsorbed; a storage section for a reaction stop solution
for stopping the reaction between the reagent and sam-
ple; a storage section for a denaturing-process solution
for denaturing the reaction product to make it detectable;
a storage section for a labeling reagent for labeling the
reaction product with a fluorescent substance to ensure
optical detection; and other storage sections for storing
the extract, eluant, lytic reagent and hemolytic reagent.
[0043] When a reaction product in the microreactor is
to be optically detected, the detection section is made up
of a flow path portion or liquid reservoir portion formed
of an optically transparent member, for example.
[0044] The processing section is used for concentra-
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tion, separation and bacteriolysis of the analysis target
substance contained in the sample. For example, it re-
moves the protein and ionic substances contained in the
biological sample. In this process, a carrier such as a
filter, bead, gel or membrane is arranged inside the flow
path so as to adsorb the biological substance, and lytic
reagent and hemolytic reagent is fed into the flow path.
Then the cleaning solution is supplied thereto.

[0045] The waste liquid reservoir section is made up
of a space which is formed by the process wherein a
substrate having a recessed portion of predetermined
dimensions formed thereon is laminated on the lower sur-
face of the substrate for flow paths, wherein this space
communicates with the flow path. If required, this space
accommodates such a porous member as a sponge to
absorb waste liquid.

[0046] The microreactoris produced in a plate like sub-
strate by photolithographic technique and microfabrica-
tion technique. In common practice, the recessed portion
serving as a flow path is formed in one or two substrates,
and a plurality of the substrates are laminated each other,
whereby a microreactor is produced.

[0047] Various forms of materials can be used to pro-
duce the substrate constituting the microreactor accord-
ing to the application purposes. The examples of these
materials include a plastic resin such as polyethylene, a
rubber material such as polydimethyl siloxane, various
forms of inorganic glass, silicon, ceramic and metal. Fur-
ther, the wall surface of the flow path can be subjected
to hydrophobic process or the like, in conformity to a par-
ticular requirement.

[0048] The width of the flow path in the microreactor
is properly determined by giving consideration to the ad-
vantages of the micro-scale space, and flow path resist-
ance. For example, the width is in the range of several
tens through several hundred pm, preferably in the range
of 50 through 200 pwm. The depth is in the range of 25
through 300 pwm, preferably in the range of 50 through
100 wm. The overall height and width size of the micro-
reactor chip is several tens of mm, although it depends
on the application, and the height is typically several mm.
[0049] The sample reception section of the microreac-
tor of the present invention includes a storage chamber
for temporary storage of the sample, and an inlet through
which the sample is supplied into the storage chamber
from outside. This storage chamber can be formed in
various shapes as exemplified by a flow path shape or
liquid reservoir shape.

[0050] The inlet of the sample reception section is
structured in such a way that a trace quantity of samples
can be supplied from a chip surface, for example. To
avoid leakage to the outside, contamination or infection
during use of a biological sample and to ensure good
hermeticity, itis preferred that a stopper made of an elas-
tic material such as a rubber-like material should be
formed on the inlet, or the inlet is covered with a rubber
material such as polydimethyl siloxane or a reinforced
film. For example, the sample in the syringe is supplied
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using a needle sticking the stopper of rubber-like material
or a needle piercing through a covered pore. In the former
case, the pinhole is preferably closed when the needle
is removed. Other sample supply mechanisms can be
installed.

[0051] The upstream side of the sample reception sec-
tion communicates with the flow path communicating with
the micro-pump, and the downstream side thereof com-
municates with the mixing section for mixing with a rea-
gent. The sample having been supplied to the sample
reception section is pushed downstream by the driving
solution supplied by the micro-pump. If needed, the sam-
ple is pre-processed before it is mixed with the reagent.
[0052] According to the purpose of use, various forms
of substances can be supplied as samples into the sam-
ple reception section. When the inspection and analysis
of the biological substance, an analyte-containing sam-
ple can be used, as exemplified by the whole blood, plas-
ma, serum, buffy coat, urine, fecal, saliva, and sputum.
For genetic screening, the analyte is a gene, DNA or RNA
as the nucleic acid serving as the template for amplifica-
tion reaction. Further, the substance prepared or isolated
from a sample which may contain such nucleic acid can
be used as the sample. Other examples include various
forms of metabolic substances, hormones and proteins
(including enzyme and antigen).

[0053] In addition, when chemical synthesis is per-
formed, the sample is the material compound to be re-
acted with the reagent. If efficacy screening, chemical
extraction, formation and separation of the metallic com-
plex are intended, the sample will be the substance to
be used for reaction with the reagent to achieve the pur-
pose.

[0054] The reagent storage section of the microreactor
in the present invention includes a storage chamber for
storing the reagent. This storage chamber can be formed
in various shapes as exemplified by a flow path shape
or liquid reservoir shape. This storage chamber has an
inlet through which the driving solution is supplied into
the storage chamber, and an outlet from which the rea-
gentis pushed out of the storage chamber by the supplied
driving solution.

[0055] The inlet provided on the upstream side from
the storage chamber communicates with the flow path
that communicates with an external micro-pump. To be
more specific, the flow path from an opening facing one
side of the chip to the inlet of the storage chamber is
formed in the chip. When the external micro-pump is con-
nected to the chip, the driving solution is fed into the flow
path by the micro-pump and is fed into the storage cham-
ber through the inlet.

[0056] The outlet provided on the downstream side
from the storage chamber communicates with the mixing
section for mixing with other reagents. The reagent in the
storage chamber is pushed out downstream through the
outlet of the storage chamber by the driving solution sent
by the micro-pump.

[0057] According to the purpose of use, various forms



13 EP 1 946 830 B1 14

of substances can be used as the reagents. The reagent
used in the presentinvention is the aqueous solution ob-
tained by dissolving or dispersing the required compo-
nents in the aqueous solvent. For example, when the
gene contained in the specimen is to be amplified by the
PCR method, the reagent contains 2’-deoxynucleotide
nucleoside 5'-triphosphoric acid, Tag DNA polymerase,
Vent DNA polymerase or Pfu DNA polymerase.

[0058] Further, when the gene contained in the spec-
imen is amplified by the ICAN (Isothermal chimera primer
initiated nucleic acid amplification) process, the reagent
includes 2’-deoxynucleotide nucleoside 5’-triphosphoric
acid, chimera primer that can be hybridized specifically
to the gene to be detected, DNA polymerase of chain
labilization, and RNase of endonuclease.

[0059] In addition, when the chemical synthesis is in-
tended, the material compound to be reacted with the
sample is included in the reagent. If efficacy screening,
chemical extraction, formation and separation of the me-
tallic complex are intended, the reagent includes the sub-
stance to be used for reaction with the reagent to achieve
the purpose.

[0060] In genetic screening, reagent is preferably
placed in the reagent storage section in advance to en-
sure quick screening regardless of place an time. In this
case, to avoid possible evaporation, leakage, intrusion
of air bubbles, or contamination of the reagent to be
placed therein, the upstream and downstream sides of
the reagent is preferably sealed.

[0061] A sealant can be used to seal the reagent stor-
age section. The sealant is solidified or gelated under
the cooled condition where the microreactor is stored be-
fore use. Itis melted into a molten state when heated to
the room temperature at the time of use. When the rea-
gentis stored in the microreactor in advance, the micro-
reactor is preferably kept in cold storage in order to en-
sure stability of the reagent. By using a substance which
is solid at the time of cold storage as a sealant and is
liquefied at room temperature, the substance is in the
state of solid at the time of cold storage to seal the rea-
gent, and the liquefied substance at the time of use can
be easily discharged from the flow path.

[0062] Suchasealantcanbeexemplified by aaqueous
solution of oils, fats and gelatine characterized by a sol-
ubility in water of 1% or less, and a melting point of from
8 °C to the room temperature (25 °C). The gelation tem-
perature of the aqueous solution of gelatine can be con-
trolled by changing the density of the gelatine. For ex-
ample, to achieve gelation temperature of about 10 °C,
the aqueous solution of about 1 % should be used.
[0063] The aforementioned sealant is used to be filled
in at the inlet and outlet of the storage chamber of the
reagent storage section sandwiching the reagent. Re-
garding the form of sealing with sealant, the sealant may
befilled in the flow path to seal the flow path. Alternatively,
the sealant may be filled in a liquid reservoir provided for
the sealant.

[0064] The inlet and/or outlet of the storage chamber
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of the reagent storage section can be provided with the
water-repellent valve (to be described later) of Fig. 2.
This effectively prevents the reagent from leaking out
when the microreactor is stored, and the reagent is easily
pushed out to the outside by the micro-pump at the time
of use.

[0065] The micro-pump feeds the reagents in the rea-
gent storage section and liquids in other storage sections
to the downstream side. A plurality of micro-pumps are
normally installed corresponding to the liquids to be fed
out. Each micro-pump feeds the driving solution to the
downstream side and sends the driving solution to feed
the sample and reagent to the downstream side.

[0066] Inthe presentinvention, the micro-pumpis sep-
arate from the microreactor, namely, independent of the
plate like chip. It is possible to mention the case of the
sample inspection apparatus being composed of an ap-
paratus body and a microreactor sealed with reagent in
advance, the apparatus body which is equipped with the
micro-pump and its control apparatus, optical detection
apparatus for reaction detection, temperature control ap-
paratus, and driving solution tank for storing the driving
solution.

[0067] Inthiscase, the sampleis supplied into the sam-
ple reception section of the microreactor. After that, the
microreactor is mounted on the apparatus body, and
communication is provided between a plurality of micro-
pumps on the side of the apparatus body and each of
the flow paths of the microreactor corresponding to the
micro-pumps. Under this condition, the driving solutions
from the driving solution tank are fed out into the flow
paths of the microreactor by the micro-pumps. Thus, the
liquid in the flow path as exemplified by the reagent in
the reagent storage section and sample in the sample
reception section are fed out to the downstream side,
and mixing between the reagents and mixing between
the reagent and the sample are then carried out.
[0068] The micro-pump is produced by the photolitho-
graphic technique. Various types of micro-pumps are
used, as exemplified by the micro-pump driven by the
piezoelectric element disclosed in the Unexamined Jap-
anese Patent Application  Publications  Nos.
2001-322099 and 2004-108285; and the check valve
type micro-pump having a check valve installed in the
inlet and outlet of the valve chamber. The aforemen-
tioned micro-pump driven by the piezoelectric element
is provided with a first flow path whose flow path resist-
ance varies depending on the amount of pressure differ-
ence; a second flow path where the percentage of change
in the flow path resistance depending on the change in
the amount of pressure difference is smaller than that of
the first flow path; a pressure chamber communicating
with the firstand second flow paths; and an piezo actuator
for changing the internal pressure of the pressure cham-
ber. This actuator is driven by voltage through a separate
control apparatus, whereby the liquid can be fed in the
forward and reverse directions.

[0069] In the present invention, an aqueous solution
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such as pure water or buffer liquid is preferably used as
the driving solution, and the aforementioned aqueous re-
agent is preferably pushed out by the aqueous driving
solution.

[0070] A plurality of reagents having been pushed out
of the respective reagent storage sections by the driving
solution merge one another at the reagent mixing section
located downstream, and are mixed together. The rea-
gentmixing section is a single minute flow path extending
beyond the junction of those flow paths where a plurality
of reagents are respectively fed out. The mixed reagent
having been mixed in this flow path will merge with the
sample in the further downstream side, where reaction
takes place.

[0071] In the reaction section, a mixture of the sample
and mixed reagent is introduced therein. After that, re-
action is initiated by raising temperature, for example.
The reaction section can be designed in any shape, as
can be exemplified by the shape of a liquid reservoir or
flow path. For example, the sample and mixed reagent
are stored in the liquid reservoir, where reaction is per-
formed. Alternatively, the sample is merged with the
mixed reagent, and the direction of feeding the mixed
liquid is switched by the micro-pump. The confluent liquid
is repeatedly moved forward and backward in the minute
flow path, whereby reaction is performed. The reaction
section may be formed in a proper shape according to
types of sample and reagent.

[0072] The following describes the present invention
with reference to the drawing: Fig. 1 is a schematic con-
figuration diagram representing connection between a
microreactor, micro-pump and driving solution tank in a
first embodiment of the present invention. In this drawing,
the chip-like microreactor 1 and chip-like micro-pump unit
11 are overlapped with each other at the pump connec-
tion section 31 (hatched portion). The flow path of the
microreactor 1 shown in the drawing refers to only the
portion on the periphery of the reagent storage section
33 and the upstream side thereof.

[0073] The reagent storage section 33 is provided with
a storage chamber 34a where reagentis stored. The inlet
34b of the driving solution and the outlet 34c of the rea-
gent are arranged on the upstream side and the down-
stream side from the storage chamber 34a respectively.
[0074] Inthis embodiment, the inlet 34b and outlet 34c
are provided with a water-repellent valve 51. The water-
repellent valve 51 has the structure shown in Fig. 2. The
water-repellent valve 51 is equipped with a liquid feed
controlling flow passage 52. The liquid feed controlling
flow passage 52 has a minute flow path whose cross
sectional area (area of the cross section perpendicular
to the flow path) is smaller than those of the flow path
53a on the upstream side and the flow path 53b on the
downstream side.

[0075] When the flow passage wall is made of a hy-
drophobic material such as a plastic resin, the difference
of surface tension between the liquid 54 and the wall of
the flow passage controls passage of the solution 54 in
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contact with the liquid feed controlling flow passage 52
to the flow path 53b.

[0076] In order to feed the solution 54 onto the flow
path 53b on the downstream side, the liquid feed pres-
sure above a predetermined level needs to be applied
by the micro-pump. This pressure, against the surface
tension, pushes the solution 54 through the liquid feed
controlling flow passage 52 onto the flow path 53b on the
downstream side. After the solution 54 has once flown
out to the flow path 53b, the solution flows to the flow
path 53b on the downstream side even if the liquid feed
pressure enough for pushing the leading edge of the so-
lution 54 toward the flow path 53b onto the downstream
side is decreased. To put it another way, the passage of
solution beyond the liquid feed controlling flow passage
52 is blocked unless the liquid feed pressure in the pos-
itive direction from upstream to downstream is equal to
or higher than a predetermined level, and when the ap-
plied liquid feed pressure exceeds the predetermined lev-
el, the solution 54 is allowed to pass through the liquid
feed controlling flow passage 52.

[0077] When the flow passage wall is made of a hy-
drophilic material such as glass, atleast the inner surface
of the liquid feed controlling flow passage 52 must be
provided with water-repellent coating, as exemplified by
fluorine-based coating.

[0078] There is no particular restriction to the dimen-
sions of the flow path 53a, flow path 53b and liquid feed
controlling flow passage 52, as long as the liquid flow
controlling passage 52 can control the liquid passing
through to the flow path 53b. For example, the liquid feed
controlling flow passage 52 is produced to have the di-
mensions of about 25 pm x 25 pum with respect to the
flow path 53a and flow path 53b having the dimensions
of 150 pm x 300 pm.

[0079] Fig. 3 is a diagram showing a reagent storage
section in the first embodiment of the present invention.
The oily solution 48 in contact with the aqueous reagent
47 at the interfacial boundary and aqueous solution 49
in contact with the oily solution 48 on the interfacial
boundary are contained in each of the inlet 34b and outlet
34c of the reagent storage section 33 in that order.
[0080] The aqueous solution 49 stored on the most
upstream side and on the most downstream side of the
reagent storage section 33 are kept in contact with the
water-repellentvalve 51 so asto preventthe leading edge
thereof from flowing into the flow path ahead of them.
[0081] To putitanotherway, the flow path wallis made
of a hydrophobic material such as plastic resin, and the
aqueous solution 49 in contact with the water-repellent
valve 51 is prevented from flowing out of the storage
chamber 34a by the difference of surface tension be-
tween the solution and the flow path wall.

[0082] As shown in the schematic diagram of Fig. 1,
the upstream side of the reagent storage section 33 com-
municates with a micro-pump 12 at the pump connection
section 31 of the microreactor 1. In order to let the aque-
ous reagent flow from the reagent storage section 33 to
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the flow path on the downstream side, the liquid feed
pressure applied by the micro-pump 12 needs to be equal
to or higher than a predetermined pressure is, and this
pressure pushes, against the surface tension, the aque-
ous solution 49 of Fig. 3 through the water-repellent valve
51 of the outlet 34c onto the reagent feed-out flow path
43. After the aqueous solution 49 has flowed out, the
solution stored in the reagent storage section 33 follows,
even if the liquid feed pressure enough for pushing the
leading edge of the aqueous solution 49 beyond the wa-
ter-repellent valve 51 is decreased.

[0083] The oily solution 48 of Fig. 3 is used to prevent
the aqueous reagent 47 from transpiring (and loss by
leakage, entry of bubbles, contamination and denatura-
tion) while the micro actuator is kept in storage and it
corresponds to the aforementioned sealant. The oily so-
lution 48 that can be used for this purpose includes the
solution that is solidified under the cold storage condi-
tions when the micro-pump is kept in storage and is melt-
ed down into fluid state when the microreactor is placed
in the environment of room temperature. This can be ex-
emplified by oils and fats having water solubility of equal
to or less than 1 %, as described above.

[0084] The reagent storage section 33 may has a
shape of a wide liquid reservoir, in addition to the shape
of a slender flow path in Fig. 3. The reagent storage sec-
tion 33 can be provided with liquid reservoir type reservoir
sections where the oily solution 48 and aqueous solution
49 are separately stored.

[0085] In the microreactor of Fig. 1, an opening 32 is
provided on the upstream side from the inlet 34b of the
reagent storage section 33. This opening 32 communi-
cates with the inlet 34b of the reagent storage section 33
through the flow path 45. It opens out of one side of the
chip.

[0086] In the meantime, a plurality of micro-pumps 12
are formed on the chip-shaped micro-pump unit 11 by
microfabrication technology. In this micro-pump unit 11,
an opening 15 is formed on the downstream side from
the micro-pump 12. This opening 15 communicates with
the micro-pump 12 through the flow path and opens out
of one side of the chip.

[0087] The opening 32 of the microreactor 1 and the
opening 15 of micro-pump unit 11 are positioned and are
placed one on top of the other, whereby the microreactor
1 is connected with the micro-pump unit 11 while the
micro-pump 12 communicates with the reagent storage
section 33.

[0088] The micro-pump unit 11 is connected with the
accommodation section 61 on the upstream side, and
the driving solution from the driving solution tank 61 is
supplied to each micro-pump 12. The driving solution is
led from the opening 32 to the microreactor 1 by the drive
of the micro-pump 12 and is supplied into the storage
chamber 34a of the reagent storage section 33 from the
inlet 34b through the flow path 45. Thus, the reagent
sealed inside the storage chamber 34a is pushed out of
the outlet 34c and is further fed to the reagent feed-out
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flow path 43.

[0089] Inthe presentinvention, a branch flow path 45a
branching off from the inlet 34b is arranged in the flow
path 45 between the opening 32 and inlet 34b of the
microreactor in Fig. 1. An air evacuation flow path 46 is
provided on this branch flow path 45a.

[0090] Fig. 4 is a diagram representing the structure
of an air evacuation flow path arranged on the upstream
side from the reagent storage section and flow paths pro-
vided on the periphery thereof in a first embodiment of
the present invention. Fig. 5 is an enlarged view of the
air evacuation flow path. As illustrated, the branch flow
path 45a branched off from the branch section 55 of the
inlet 34b is provided through the flow path 45 which runs
to the reagent storage section 33 from the opening 32
communicating with the micro-pump.

[0091] The branch flow path 45a is provided with the
air evacuation flow path 46 whose end is open to the
outside. The air evacuation flow path 46 is a flow path of
small diameter extending from the flow path wall of the
branch flow path 45a. For example, arrangementis made
in such a way that a plurality of paths extend from the
side of the branch flow path 45a, as shown in Fig. 5. The
air evacuation flow path 46 may be arranged at the end
of the branch flow path 45a, and the number of the air
evacuation flow paths 46 may be one or more than two
depending on cases.

[0092] The air bubbles between the driving solution
and the reagent in the flow path 45 is removed from the
air evacuation flow path 46 in the initial stage of feeding
out the driving solution. According to the preferred em-
bodiment of the present invention, the aqueous reagent
is pushed out by the aqueous driving solution such as
pure water or buffer water in the flow path of the micro-
reactor made of a hydrophobic material such as a resin
or rubber or in the flow path of the microreactor whose
inner wall of the flow path is provided with hydrophobic
treatment. In this case, the air evacuation flow path pref-
erably has a diameter of 15 um or less, and contact angle
with water on the inner surface of the flow path is 30° or
more. Here, when the cross section of the flow path is
rectangular, the diameter of the flow path denotes the
length of either the longitudinal or lateral side of the rec-
tangular, and preferably the length of both the longitudi-
nal and lateral sides.

[0093] Inthe present embodiment, the opening 56 that
is open on one side of the chip (upper Side of the paper
in Fig. 5) for communication with atmosphere is arranged
beyond the ends of a plurality of the air evacuation flow
paths 46. The airbubbles coming out of the air evacuation
flow path 46 are released into the atmosphere through
the opening 56.

[0094] Inthe case where the air evacuation flow paths
are provided directly on the way of the flow path 45, if
the water-repellent valve 51a is installed at the inlet 34b
of the reagent storage section 33 as shown in Fig. 4, air
bubbles tend to remain between the place where the air
evacuation flow paths are arranged and the place where
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the water-repellent valve 51a is arranged. In contrast,
the branch flow path 45a is provided in the present em-
bodiment. Because of this arrangement, air bubbles are
drawn by the branch flow path 45a instead of remaining
upstream of the water-repellent valve 51a, and pass
through the air evacuation flow path 46 extending from
the branch flow path 45a to be released to the outside.
Thus, in the flow path 45 extending from the opening 32
to the reagent storage section 33, stable liquid feed is
ensured, without bubbles being caught inside.

[0095] InFig.4representing the status prior to the driv-
ing solution being fed out, the space between the water-
repellent valves 51a and 51b on both ends of the reagent
storage section 33 is filled with reagent 57. The flow path
45 is filled with air and does not contain liquid.

[0096] Inthe status shownin Fig. 4, the driving solution
is fed from the opening 32 into the flow path 45 by a
micro-pump (not illustrated). Then the branch flow path
45a branched off from the branch section 55 is filled with
the driving solution 50, as shown in Fig. 6. In this case,
air present in the flow path 45 and branch flow path 45a
is released to the outside through the air evacuation flow
path 46.

[0097] When the branch flow path 45a has been filled
with the driving solution 50 while removing the air through
the air evacuation flow path 46, the driving solution 50
starts to flow in the evacuation flow path 46. This causes
a great increase in the flow path resistance of the air
evacuation flow path 46, and the liquid feed pressure of
the micro-pump gives a heavy effect to reagent through
the driving solution 50. Thus, the liquid feed pressure is
higher than the liquid holding force applied to the water-
repellent valve 51b on the downstream side from the re-
agent storage section 33. This arrangement ensures the
reagent 57 to be pushed out of the reagent storage sec-
tion 33 by the driving solution 50, as shown in Fig. 7. The
reagent 57 passes through the water-repellent valve 51b
and is fed out into the reagent feed-out flow path 43 on
the downstream side thereof.

[0098] The water-repellent valve 51a arrangement on
the upstream side from the reagent storage section 33
and the water-repellent valve 51b arrangement on the
downstream side from the reagent storage section 33
each have afunction of holding the reagent 57 filled there-
in. Further, the water-repellent valve 51b has the function
of feeding out the reagent 57 downstream, namely, the
role of controlling the liquid feed when the pressure in
excess of a predetermined level is applied to the solution.
[0099] In the present invention, the flow path resist-
ance when the solution flows through the air evacuation
flow path is configured to be greater than the flow path
resistance when the solution flows through the flow chan-
nel starting from the branch section and including from
the reagent storage section to the reagent feed-out flow
path. This flow path resistance is preferably increased
more than ten times, more preferably increased more
than thirty times. As the leakage of the driving solution
into the air evacuation flow path is smaller, the reagent
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liquid feed accuracy will be higher. If the flow path resist-
ance of the air evacuation flow path is ten times or higher
than the flow path resistance of the flow cannel including
from the reagent storage section to the reagent feed-out
flow path 43, the leakage of the driving solution does not
exceed 10 percent of the total liquid feed. Thus, the var-
iation in the reagent feed rate can be kept at less than
several percent, despite a slight variation in the leakage
of the driving solution. To be more specific, in the present
embodiment, as shown in Figs. 4, 6 and 7, the microre-
actor is configured so that the flow path resistance when
the driving solution 50 flows into the air evacuation flow
path 46 is ten times or more than the flow path resistance
when the solution flows through the flow channel 44 start-
ing from the branch section 55 and including from the
reagent storage section 33 to the reagent feed-out flow
path 43.

[0100] Aqueous driving solution is preferably used as
the driving solution. If the viscosity thereof is almost the
same, the flow path resistance when the aqueous solu-
tion flows through the air evacuation flow path is almost
the same independent of types of solution.

[0101] In the present invention, the flow path resist-
ance when the air flows through the air evacuation flow
path is preferably lower than the flow path resistance of
the flow channel when the solution flows therethrough,
where the flow channel starts from the branch section
and includes from the reagent storage section to the re-
agent feed-out flow path. To put it another way, in the
present embodiment, the flow path resistance when air
flows through the air evacuation flow path 46 is smaller
than the flow path resistance when the solution flows
through the flow channel starting from the branch section
and including from the reagent storage section 33 to the
reagent feed-out flow path 43, as shown in Figs. 4, 6 and
7.

[0102] Assuming that the pressure loss when fluid
passes through the flow path is AP, the flow path resist-
ance R (N-s/m3) can be expressed by R = AP/Q. There-
fore, the value of the flow path resistance is obtained as
follows: Fluid is fed and the flow rate of the fluid is meas-
ured while a certain pressure is applied to the inlet of the
flow path, and the pressure is divided by the flow rate to
obtain the flow path resistance. For example, the effec-
tive internal flow path resistance Ry, of the liquid feed
micro-pump can be determined as R;; =P/ Q, where Q
is the flow rate Q and P is a generated pressure at a
predetermined drive voltage.

[0103] The flow path resistance R can be expressed
by the following Formula when the flow path is sufficiently
slender and the laminar flow is dominant, as in the mi-
croreactor of the present invention.

R=JI[32x7m / (8 x0¢5)] du

wherein 1 is the viscosity of the fluid, S is the cross-sec-
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tional area of the flow path, ¢ is the equivalent diameter
of the flow path, and L is the length of the flow path. When
the cross section of the flow path is rectangular, the equiv-
alent diameter ¢ can be expressed by the following For-
mula:

¢ = {a xb) / [(&a + b)/2]
wherein "a" is flow path width "b" is height.

[0104] Dueto the difference in the viscosities of airand
driving solution, the flow path resistance for air flowing
through the air evacuation flow path is different from that
for the driving solution flowing therethrough. The viscos-
ity of air at 25 °C is about 0.018 mPa-s. However, when
the viscosity of the driving solution is about the same as
that of water, the viscosity is about 0.89 mPa-s at 25 °C.
Thus, there is a difference of about 50 times in the flow
path resistances of the air evacuation flow path between
air flowing therein and driving solution flowing therein.
[0105] As described above, in the present embodi-
ment, the flow path resistance when the driving solution
50 flows through the air evacuation flow path 46 is suffi-
ciently higher than that when the liquid flows through the
flow path 44. Thus, control can be provided to minimize
the amount of the driving solution 50 leaking out through
the airevacuation flow path 46 afterairhas been removed
through the air evacuation flow path 46.

[0106] Thus, even if the driving solution 50 leaks out
through the air evacuation flow path 46, the intended lig-
uid feed operation is not affected. Further, the step of
removing air ensures high-precision control of the timing
of mixing a solution such as reagent, mixing ratio of so-
lutions, and liquid feed pressure on the downstream side
from the reagent feed-out flow path 43.

[0107] Ahighdegree of accuracy in the micro-structure
of the air evacuation flow path 46 is essential to ensure
complete prevention of the driving solution 50 leaking
from the air evacuation flow path 46. Further, it is neces-
sary to select a material of sufficient water repellency.
However, in the present invention, a trace quantity of
driving solution 50 is allowed to leak through the air evac-
uation flow path 46. This arrangement does not required
a high degree of accuracy in the micro-structure, further,
there is little restriction in the selection of material.
[0108] The flow path resistance when air flows through
the air evacuation flow path 46 is smaller than that when
the solution flows through the flow path 44. Thus, in the
initial phase of feeding the driving solution 50 into the
reagent storage section 33, the driving solution 50 flows
into the branch flow path 45a, without pushing out the
reagent 57 of the reagent storage section 33, and fills
the branch flow path 45a while removing air through the
air evacuation flow path 46.

[0109] Asshownin Fig. 7, when the driving solution 50
can flow into the air evacuation flow path 46 after com-
pletely removing the air, there is a substantial increase
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in the flow path resistance of the air evacuation flow path
46, so that the driving solution 50 flows into the reagent
storage section 33. Thus, the reagent 57 is pushed out
downstream.

[0110] Asdescribed above, complete elimination of air
can be achieved. This ensures high-precision control of
the timing of mixing a solution such as reagent, mixing
ratio of solutions, and liquid feed pressure on the down-
stream side from the reagent feed-out flow path 43.
[0111] When the outlet 34c of the reagent storage sec-
tion 33 is provided with the water-repellent valve 51b as
inthe presentembodiment, the driving solution 50 is pref-
erably fed so that the following Formula is satisfied by
the flow rate Q of the driving solution 50 flowing from the
opening 32 into the branch section 55 under the micro-
pump control:

P/R;, € 0 £ B/Ra

wherein P is the pressure at which the water-repellent
valve 51b allows passage of reagent 57; R, is the flow
path resistance when air flows through the air evacuation
flow path 46; and R|_is the flow path resistance when the
driving solution 50 flows through the air evacuation flow
path 46.

[0112] When the aqueous solution 49 is stored in the
downstream end of the reagent storage section 33 as
shown in Fig. 3, the aforementioned pressure P corre-
sponds to the pressure at which the water-repellent valve
51b allows passage of the aqueous solution 49.

[0113] When the driving solution 50 is fed at the flow
rate Q, the flow rate of the driving solution 50 is set at Q
<P /R, inthe initial phase of feeding the driving solution
50 into the reagent storage section 33. Thus, the driving
solution 50 flows into the branch flow path 45a, without
pushing out the reagent 57 beyond the water-repellent
valve 51b of the outlet 34¢ of the reagent storage section
33, and fills the branch flow path 45a while removing air
from the air evacuation flow path 46.

[0114] Further, the flow rate of the driving solution 50
is set at P/ P < Q. When the driving solution 50 begins
to flow into the air evacuation flow path 46 after com-
pletely removing the air, the water-repellent valve 51b is
applied the liquid pressure in excess of the pressure for
allowing the solution to be held. Thus, the reagent 57 can
be pushed out into the reagent feed-out flow path 43 be-
yond the water-repellent valve 51b by the driving solution
50.

[0115] Fig. 8 is a diagram representing the structure
of an air evacuation flow path arranged on the upstream
side from the reagent storage section and flow paths pro-
vided on the periphery thereof in the second embodiment
of the presentinvention. Fig. 9 is a diagram showing how
the driving solution enters the air evacuation flow path.
The components corresponding to those of Figs. 4
through 7 are assigned with the same reference numer-
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als and the detailed description will be omitted to avoid
duplication.

[0116] In the present embodiment, although the basic
configuration is the same as those of Figs. 4 through 7
a reservoir section 42 for storing the driving solution 50
fed out through the air evacuation flow path 46 is provided
on the outlet side of the air evacuation flow path 46.
[0117] The reservoir section 42 has an enough capac-
ity to store all the volume of the driving solution 50 leaking
through the air evacuation flow path 46 until at least the
required volume of reagent is fed out into the flow path
downstream of the reagent storage section 33. The res-
ervoir section 42 is formed in a wide liquid reservoir type
structure, for example.

[0118] The reservoir section 42 is installed as afore-
mentioned. This structure ensures that the driving solu-
tion 50 leaking out through the air evacuation flow path
46 can be stored in the reservoir section 42, as shown
in Fig. 9. This prevents leakage of the driving solution 50
outside the chip or movement of the driving solution 50
into an unwanted portion.

[0119] Further, in the present embodiment, a water-
repellent valve 51c is arranged between the reservoir
section 42 and an opening 56 whose end is open to the
atmosphere for communication with the atmosphere and
which also communicates with the reservoir section 42.
This water-repellent valve 51c provides a communication
between the reservoir section 42 and a flow path on the
side of the opening 56. This water-repellent valve 51c is
equipped with a liquid feed controlling flow passage (52
in Fig. 2) to block off the passage of the driving solution
50 to the opening 56 unless the liquid pressure of the
driving solution 50 exceeds a predetermined level of
pressure.

[0120] As described above, the installation of the wa-
ter-repellent valve 51c ensures that the air evacuated
through the air evacuation flow path 46 escapes to the
outside through the opening 56, and prevents the driving
solution 50 from leaking out of the reservoir section 42
through the opening 56.

[0121] Fig. 10 is a diagram showing the structure of
the flow path upstream of the reagent feed-out flow path
in another embodiment of the present invention. Fig. 11
is a diagram showing how the reagent is fed out down-
stream by the driving solution. The components corre-
sponding to those of Figs. 4 through 9 are assigned with
the same reference numerals, and detailed description
will be omitted to avoid duplication.

[0122] The present embodiment is in a form suitable
formforthe cases where a plurality of reagents are mixed,
and the mixed reagent is then reacted with a sample.
The flow path system shown in the aforementioned em-
bodiment is provided on the upstream and downstream
sides of the reagent storage chambers 33 containing dif-
ferent reagents. To put it another way, a flow path 45
communicating with the opening 32 for supplying the driv-
ing solution 50 is provided on the upstream side from the
reagent storage chambers 33 containing reagents 57a
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or 57b. The branch flow path 45a branched off from the
storage chamber 34a is provided with air evacuation flow
paths 46a or 46b. On the downstream side thereof, rea-
gent feed-out flow paths 43a or 43b is arranged beyond
the outlet 34c.

[0123] The ends of the reagent feed-out flow paths 43a
and 43b are equipped with a junction 41 where the flows
of reagents 57a and 57b combine with each other. Rea-
gents 57a and 57b are mixed in the flow path beyond the
junction 41. The mixing ratio between the reagents 57a
and 57b can be adjusted by the flow path diameter of the
reagentfeed-out flow paths 43aand 43b. In this example,
the reagents 57a and 57b are mixed at a volume ratio of
one to two.

[0124] As shown in Fig. 1, the driving solution 50 is fed
out by a separately installed micro-pump and reagents
57a and 57b are pushed out downstream. In this case,
if driving solution 50 leaks from the air evacuation flow
paths 46a and 46b as shown in Fig. 11, the voltage of
each micro-pump must be controlled so that liquid feed
balance is kept at a constant level at all times, for the
purpose of achieving high-precision mixing of the rea-
gents 57a and 57b at a predetermined ratio. However,
such voltage control is complex.

[0125] Inthe present embodiment, the ratio R,4/Ryq of
the flow path resistance R, when the driving solution 50
flows through the air evacuation flow path 46a to the flow
path resistance Ry, when the driving solution 50 flows
through the air evacuation flow path 46b is approximately
equal to the ratio R,,/Ry,, of the flow path resistance R,
when solution flows through the flow channel 44b starting
from the branch section 55 and including from the reagent
storage section 33 to the reagent feed-out flow path 43a
to the flow path resistance R,, when the driving solution
50 flows through the flow channel 44a starting from the
branch section 55 and including from the reagent storage
section 33 to the reagent feed-out flow path 43a.
[0126] This arrangement ensures that the ratio of the
volume of the driving solution 50 leaking out from the air
evacuation flow path 46a to the volume of the reagent
57a flowing into the junction 41 is approximately equal
to the ratio of the volume of the driving solution 50 leaking
out though the air evacuation flow path 46b to the volume
of the reagent 57b flowing into the junction 41. This ar-
rangement provides easy control of the micro-pump as
an external pump. To putitanother way, this arrangement
permits simplified, e.g., unified voltage control of micro-
pumps for pushing out reagents by the feed-out operation
of the driving solution. This does not involve complicated
control of each of the micro-pumps for the purpose of
ensuring constant mixing ratio of the reagents.

[0127] Fig. 12 is a plan view showing another embod-
iment of the microreactor of the present invention. In the
microreactor 1 of this example, three types of reagents
are stored in each of the flow path-shaped reagent stor-
age chambers 33a, 33b and 33c. The water-repellent
valves of the structure illustrated in Fig. 2 are installed
on both ends (the inlet 34b on the upstream side and
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inlet 34c on the downstream side from the reagent stor-
age section 33a) of each reagent storage section. Rea-
gents are sealed in the flow paths between these water-
repellent valves.

[0128] In the minute flow path of the microreactor 1 of
Fig. 12, the water-repellent valves 1 of Fig. 12 are in-
stalled at positions in addition to both ends of the reagent
storage chambers 33a, 33b and 33c, although detailed
description is omitted. For example, the water repellent
valves shown in Fig. 2 are provided at the inlet for the
mixed reagent and the inlet for the sample both at the
junction 38. These water-repellent valves control the tim-
ing of starting the liquid feed to the flow path located
beyond the valves.

[0129] The openings 32c through 32e that are open
outward on one side of the microreactor 1 are provided
on the upstream side from the reagent storage chambers
33a, 33b and 33c in Fig. 12. When the microreactor 1 is
putontop of the micro-pump (to be described later), these
openings 32c through 32e are made to communicate with
the micro-pumps to be positioned with respect to the
openings of the flow paths provided on the connection
surface of the micro-pump unit. The flow paths between
the reagent storage chambers 33a through 33c and
openings 32c through 32e are designed to have a struc-
ture illustrated in Fig. 4, whereby air between the driving
liquid and the reagent is removed from the air evacuation
flow path.

[0130] Similarly, the openings 32a, 32b and 32f
through 32k are made to communicate with the micro-
pumps by connecting the microreactor 1 to the micro-
pump unit. The pump connection section (reference nu-
meral 31 of Fig. 1) is formed by the chip surface including
the openings 32a through 32k. The pump connection
section is brought in close contact with the connection
surface of the micro-pump unit, whereby the microreactor
1 is connected to the micro-pump unit.

[0131] To ensure required sealing performance and to
prevent the driving solution from leaking out, the contact
surface of this pump connection section is preferably
formed of a flexible (elastic or shape-following) resin such
as polytetrafluoroethylene and silicone resin. Such a flex-
ible contact surface can be made of the constituent ma-
terial of the microreactor, or a separate flexible member
laminated around the flow path opening in the pump con-
nection section.

[0132] The reagents stored in the reagent storage
chambers 33a, 33b and 33c are fed through the water-
repellent valve (not illustrated) installed on the ends on
the downstream side from the reagent storage chambers
33a, 33b and 33c, by the separately installed micro-
pumps communicating with the openings 32c¢ through
32e. The reagents then flow into the junction 41 from the
reagent feed-out flow paths 43a through 43c. Thus, three
types of reagents are mixed in the reagent mixing flow
path 35 which runs beyond the junction 41.

[0133] The mixed reagent having been mixed in the
reagent mixing flow path 35 and fed out into the mixed
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reagent feed-out flow path 36 merges with the sample
stored in a sample reception section 37 at the junction
38. The mixed reagent is pushed out downstream by the
driving solution through the micro-pump communicating
with the opening 32b. The sample is pushed out down-
stream by the driving solution through the micro-pump
communicating with the opening 32a. The mixture made
of the mixed reagent and sample is stored in a reaction
section 39, and reaction is started by heating.

[0134] After reaction, the solution is fed into the detec-
tion section 40, and a target substance is detected, for
example, by the optical detection method. Each reagent
stored in advance in the flow path beyond the openings
32f through 32j (e.g., solution for stopping the reaction
between the mixed reagent and sample, solution for ex-
ecuting the required processing such as labeling for the
target substance, and cleaning solution) is pushed out
at predetermined time intervals by the separately in-
stalled micro-pumps communicating with those open-
ings.

[0135] Fig. 13 is a perspective view representing a mi-
cro-pump. unit used for the microreactor of Fig. 12. Fig.
14 is a cross sectional view thereof. The micro-pump unit
11 is made up of three substrates: a silicon substrate 17;
a glass substrate 18 provided thereon; and a glass sub-
strate 19 thereon. The substrates 17 and 18 are connect-
ed to the substrates 18 and 19 by anodic bonding re-
spectively.

[0136] The micro-pump 12 (piezo-pump) is comprised
of the internal space between the silicon substrate 17
and glass substrate 18 laminated thereon by anodic
bonding.

[0137] The substrate 17 is the silicon wafer formed into
a predetermined shape by photolithographic technique.
For example, the pressure chamber 22, first flow path
23, second flow path 24, first liquid chamber 25, and sec-
ond liquid chamber 26 are formed by microfabrication
including forming an oxide film on the silicon substrate
surface, coating of a resist, exposure and development
of the resist, etching of the oxide film, and etching silicon
by the ICP (Inductively Coupled Plasma).

[0138] AT the position of the pressure chamber 22, the
silicon substrate is processed into a diaphragm. A pie-
zoelectric element 21 made of lead zirconate titanate
(PZT) is laminated on the outer surface thereof.

[0139] This micro-pump 12 is driven as follows by the
control voltage applied to the piezoelectric element 21.
The piezoelectric element 21 is oscillated by the applied
voltage of a predetermined waveform, and the silicon di-
aphragm at the position of the pressure chamber 22 is
oscillated, whereby the volume of the pressure chamber
22 is increased and decreased. The first flow path 23 and
second flow path 24 are the same in width and depth.
The length of the second flow path 24 is longer than that
of the first flow path 23. When there is an increase in the
differential pressure in the first flow path 23, a turbulent
flow occurs in the flow path so that the flow path resist-
ance is increased. In the meantime, the second flow path
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24 has a longer flow path length, so that the increased
differential pressure easily causes a laminar flow. Thus,
the percentage of change in the flow path resistance with
respect to a change in the differential pressure is smaller
than that of the first flow path 23.

[0140] For example, when the volume of the pressure
chamber 22 is reduced with a large differential pressure
applied thereto by a quick displacement of the silicon
diaphragm toward the inside of the pressure chamber 22
by adjusting the control voltage applied to the piezoelec-
tric element 21, and then the volume of the pressure
chamber is increased with a small differential pressure
applied thereto by a slow displacement of the silicon di-
aphragm outwardly from the pressure chamber 22, the
driving solution is fed in the positive direction from left to
right in Fig. 14.

[0141] Conversely, when the volume of the pressure
chamber 22 is increased with a large differential pressure
applied thereto by a quick displacement of the silicon
diaphragm outwardly from the pressure chamber, and
then the volume of the pressure chamber 22 is decreased
with a small differential pressure applied thereto by a
slow displacement of the silicon diaphragm toward the
inside of the pressure chamber 22, the driving solution
is fed in the negative direction from right to left in Fig. 14.
[0142] The difference between the percentages of
changes in flow path resistances relative to the change
in differential pressure in the first flow path 23 and second
flow path 24 is not necessarily caused by the difference
in the length of the flow path. It may be caused by other
geometric differences.

[0143] The flow rate by the micro-pump 12 can be con-
trolled by adjusting the voltage applied to the piezoelec-
tric element 21.

[0144] Aflow path 20 is patterned on the substrate 19.
For example, the flow path 20 is formed in a rectangular
structure having arectangular cross-sectional shape with
a width of about 150 pum and a depth of about 300 pum.
On the downstream side of the flow path 20, there is an
opening 15 to be communicated between the micro-
pump 12 and the minute flow path by being aligned with
the openings 32a through 32k of the microreactor of Fig.
12.

[0145] The upstream side of the flow path 20 leads to
the micro-pump 12 through the flow path provided on the
substrate 17 via the through-hole 16b in the substrate
18. The upstream side of the micro-pump 12 is connected
to the opening 14 provided in the glass-made substrate
19 through the flow path of the substrate 17 and the
through-hole 16a in the substrate 18. This opening 14 is
connected with the driving solution tank (not illustrated).
The opening 14 is connected to the driving solution tank,
for example, through the gasket made of PDMS (poly-
dimethyl siloxane).

[0146] The openings 15a, 15b and 15¢c communicate
with the openings 32c, 32d and 32e of the microreactor
in Fig. 12 (where only a part of the entire micro-pump
unit is shown in Fig. 13). The driving solution is fed
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through the flow path 20, opening 15a and opening 32¢
by the micro-pump 12 so that the reagent stored in the
reagent storage section 33a is pushed out downstream.
The driving solution is fed through the flow path 20, open-
ing 15b and opening 32d so that the reagent stored in
the reagent storage section 33b is pushed out down-
stream. The driving solution is fed through the flow path
20, opening 15c and opening 32e, and the reagent stored
in the reagent storage section 33c is pushed out down-
stream.

[0147] As described above, all the micro-pumps for
feeding the reagents and other liquids are arranged on
a single chip. Then this chip and microreactor are put
one on top of another at the time of analysis to provide
communication between them. The micro-pump unit de-
signed in this structure can be used to produce a compact
pump mechanism that pushes the reagent in the micro-
reactor out downstream of the minute flow path.

[0148] Further, a single driving solution tank can be
shared by a plurality of micro-pumps, and connection be-
tween the driving solution tank and chip-formed micro-
pump unit does not require a special piping or a routing
chip. This advantage permits construction of a compact
pump mechanism that pushes the reagent in the micro-
reactor out downstream of the minute flow path.

[0149] When mounted on a separate system body, the
microreactor starts reaction and analysis. These system
body and microreactor constitute an integrated micro
analysis system. An example of this integrated micro
analysis system will be described below. Fig. 15 is a per-
spective view showing an example of an integrated micro
analysis system. Fig. 16 is an internal structure of the
system body in the integrated micro analysis system.
[0150] The system body 3 of the integrated micro anal-
ysis system contains apparatuses for analysis which are
installed in an enclosure-shaped storage member 62.
The storage member 62 incorporates the micro-pump
unit 11, which further incorporates a chip connection sec-
tion 13 provided with a flow path opening communicating
with the microreactor 1, and a plurality of micro-pumps
(not illustrated).

[0151] Further, the storage member 62 includes a de-
tection processing apparatus (a light source 68 for de-
tecting reaction in the microreactor 1 such as an LED,
photomultiplier and CCD camera, and a detector 69 for
optical detection by visible spectroscopy, fluorometry or
the like), and a control apparatus for controlling this de-
tection processing apparatus and the micro-pump unit
11. This control apparatus provides control of the liquid
feed by the micro-pump, control of the detection process-
ing apparatus for detecting reaction in the microreactor
1 by optical means, control of the microreactor 1 temper-
ature by the heating/cooling unit (to be described later),
control of the reaction in the microreactor 1, data collec-
tion (measurement) and processing. The micro-pump is
controlled by applying a drive voltage to the micro-pump
according to the program containing the settings of the
liquid feed sequence, flow rate, timing and other condi-
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tions.

[0152] In the integrated micro analysis system 2, the
target substance in the specimen is analyzed in the mi-
croreactor 1 after mounting the microreactor 1 inside the
storage member 62 in the situation that the pump con-
nection section 31 made up of the openings of the flow
paths provided on the upstream side (e.g., on the up-
stream side from the reagent storage section or sample
reception section) of the minute flow paths of the micro-
reactor 1 and the chip surfaces in the periphery of the
openings, and the chip connection section 13 of the mi-
cro-pump unit 11 are brought into contact with each other
under fluid-tight conditions.. The microreactor 1 is placed
on a conveyance tray 65 to be led into the storage mem-
ber 62 from the insertion port 63. However, use of a con-
veyance tray is not necessarily required if the microre-
actor can be fixed inside the storage member 62 while
the microreactor is pressed against the micro-pump unit.
[0153] The storage member 62 incorporates a heat-
ing/cooling unit (Peltier element 66 and heater 67) for
locally heating and cooling the microreactor 1 mounted
at a predetermined position. For example, selective cool-
ing of the reagent storage section is achieved by the Pel-
tier element 66 pressed against the region of the reagent
storage section of the microreactor 1, whereby degener-
ation of the reagent is prevented. At the same time, the
heater 67 is pressed against the region of the flow path
constituting the reaction section, whereby the reaction
section is selectively heated and the temperature of the
reaction section is adjusted to the level appropriate for
reaction.

[0154] The micro-pumpunit11is connected to the driv-
ing solution tank 61, and the upstream side of the micro-
pump Communicates with this driving solution tank 61.
In the meantime, the downstream side of the micro-pump
communicates with the opening of the flow path arranged
on one surface of the micro-pump unit 11. The microre-
actor 1 is connected to the micro-pump unit 11 in such a
way that each of the openings of the flow path connected
to each of the micro-pumps communicates with each of
the openings of the flow path arranged on the pump con-
nection section 31 of the microreactor 1.

[0155] The aqueous driving solution stored in the driv-
ing solution tank 61 is fed into the storage section for
each liquid in the microreactor 1 through the pump con-
nection section 31 by the micro-pump, and the liquid of
each storage section is pushed out downstream of the
microreactor 1 by the driving solution.

[0156] A seriesofoperationsincluding pre-processing,
reaction and detection of the specimen as a test sample
is carried out when the microreactor 1 is being mounted
on the system body 2 composed of the integration of the
micro-pump, detection processing apparatus and control
apparatus. Preferably, a predetermined reaction and op-
tical measurement in response to feeding, pre-process-
ing and mixing of the sample and reagent are automati-
cally performed as a series of continuous steps, and the
test data together with the required conditions and record
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items is stored in a file. In Fig. 15, the analysis result is
indicated on the display 64 of the storage member 62.
[0157] The following describes the reaction between
the sample (specimen) and reagent using the microre-
actor of the present invention, as well as the specific ex-
ample of detection thereof: In a preferred example of the
microreactor, a single chip includes:

a sample reception section containing a specimen
or analyte (e.g., DNA, RNA and gene) extracted from
the specimen;

a specimen pre-processing section for pre-process-
ing the specimen;

a reagent storage section for storing the reagents
used in probe coupling reaction and detection reac-
tion (including the gene amplification reaction or an-
tigen-antibody reaction);

a positive control storage section for incorporating
positive control;

a negative control storage section for incorporating
negative control;

a probe storage section for storing probes (e.g., a
probe to be hybridized to the gene to be detected,
the gene having been amplified by the gene ampli-
fication reaction);

aminute flow path communicating with these storage
sections; and

a pump connection section that can be connected
to a separate micro-pump that feeds liquids of the
aforementioned storage sections and flow path.

[0158] The aforementioned micro-pump unit is con-
nected to this micro-reactor through the pump connection
section. The specimen or biological substance (e.g., DNA
and other biological substance) extracted from the spec-
imen placed in the sample reception section, and the
reagent contained in the reagent storage section are fed
into the downstream flow path. They are mixed and are
made to react in the reaction section of the minute flow
path, for example, in the reaction section for gene am-
plification reaction (antigen-antibody reaction in the case
of protein). Then the processed solution obtained by
processing this reaction solution and the probe contained
in the probe storage section are fed into the detection
section along the downstream flow path. They are then
mixed in the flow path and are made to couple (hybridize)
with the probe. Thus, detection of a biological substance
is carried out based on this reaction product.

[0159] Similarly, the positive control contained in the
positive control storage section and negative control con-
tained in the negative control storage section are also
subjected to the aforementioned reaction and detection.
[0160] The specimen injected into the sample recep-
tion section is pre-processed in advance, for example,
by mixing the specimen and processing solution in the
specimen pre-processing section provided in the flow
path, prior to mixture with the reagent, as required. This
specimen pre-processing section may include a separa-
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tion filter, adsorption resin or beads. Preferred specimen
pre-processing is exemplified by separation or concen-
tration of the analyte, and deproteinization.

[0161] For example, processing of bacteriolysis/DNA
extraction is carried out using a bacteriolytic agent such
as a 1% SDS mixture. In this step, DNA is released out
of the cell, and is adsorbed onto the beads or filter film
surface.

[0162] A predetermined volume of required reagent is
sealed in the reagent storage section of the microreactor
in advance. This eliminates the need of filling with a pre-
determined volume of the reagent every time it is used.
The reagent is ready for use at any time. When the bio-
logical substance in the specimen is to be analyzed, the
reagents required for measurement are commonly
known. Forexample, when the antigen-antibody reaction
in the specimen is to be analyzed, the reagent containing
the antibody corresponding thereto, preferably the rea-
gent containing a monoclonal antibody is used. The an-
tibody is preferably labeled by a biotin or FITC.

[0163] Theexamplesofthereagentsstoredinadvance
in the microreactor for genetic screening include probes
used for detection, color development reagents and pre-
processing reagents for the aforementioned specimen
pre-processing in addition to various types of reagents
used for gene amplification.

[0164] When the driving solution is supplied from the
micro-pump, the reagents are pushed out of each rea-
gentstorage section, and thatthe merged reagents make
amixed reagent. Afterthat, the driving solution is supplied
from the micro-pump, whereby the specimen is pushed
out of the sample reception section. They are merged
with the mixed reagent with stabilized mixing ratio,
whereby the reaction section starts reaction required for
analysis such as gene amplification reaction, analyte
trapping or antigen-antibody reaction.

[0165] The flow path between the inlet of the sample
reception section in the microreactor and the opening of
the pump connection section is provided with the afore-
mentioned air evacuation flow path. To be more specific,
the flow path of the microreactoris made of a hydrophobic
resin, and reagent is pushed out by the aqueous driving
solution such as pure water or buffer solution. By forming
the air evacuation flow path whose outwardly opening
end has a diameter of several um, the air bubbles be-
tween these solutions are removed, in the initial phase
of feeding out the driving solution into the inlet after the
micro-pump unit is connected to the microreactor.
[0166] The PCR amplification method can be used as
a DNA amplification method. This PCR amplification
method, together with improvements, is described in var-
ious documents, and is actively employed over an exten-
sive range. The PCR amplification method requires con-
trol of temperature wherein the control is made among
three different temperatures. A flow path device capable
of temperature control appropriate for micro-chips has
already been proposed by the present inventors (Unex-
amined Japanese Patent Application Publication No.
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2004-108285). This device system can be used in the
amplification flow path ofthe chip of the presentinvention.
This allows the heat cycle to be switched at a high speed.
BEcause the minute flow path is made to be a micro-
reaction cell having a small heat capacity, the DNA am-
plification method requires much shorter time than the
conventional manual operation method.

[0167] The ICAN (Isothermal Chimera Primer Initiated
Nucleic Acid Amplification) method developed in recent
years carries out the DNA amplification in a short period
of time at any temperature between 50 through 65 °C
(Japanese Registration Patent N0.3433929), and is an
amplification technology suitable for use in the system
of the present invention. The work requiring one hour in
the manual operation method, can be completed in the
system of the presentinvention in 10 through 20 minutes,
preferably in 15 minutes, wherein analysis is also includ-
ed in the work completed in such a short time.

[0168] The downstream portion from the reaction sec-
tion in the minute flow path of the microreactoris provided
with a detection section for screening an analyte, for ex-
ample, an amplified gene. At least the detection portion
is made of a transparent material, preferably a transpar-
ent plastic for the purpose of performing optical meas-
urement.

[0169] The protein having an affinity for biotin (avidin
or streptoavidin) adsorbed on the detection section on
the minute flow path is connected specifically with the
biotin labeled on a probe substance or the biotin labeled
on the 5’-terminus of the primer used in gene amplifica-
tion reaction. Thus, the probe labeled with the biotin or
the amplified gene is trapped by this detection portion.
[0170] There is no particular restriction to the method
of detecting the DNA of the isolated analyte or the target
gene having been amplified. The following steps are ba-
sically used in the preferred method:

(1a) The specimen or the DNA extracted from the
specimen, or cDNA obtained by reverse transcrip-
tionreaction from the specimen orthe RNA extracted
from the specimen, and a primer biotin-modified at
the 5’ position are fed from the storage section into
the downstream minute flow path.

The amplification reaction solution including the
gene amplified in the minute flow path subsequent
to gene amplification reaction in the minute flow path
of the reaction section is mixed with denaturation
solution, and the amplified gene is formed into a sin-
gle strand. This is hybridized with the probe DNA
whose terminus is fluorescent-labeled by the FITC
(fluorescein isothiocyanate).

This solution is fed into the detection portion in the
minute flow path on which the protein having an af-
finity for biotin is adsorbed, whereby the amplified
gene is trapped by the detection portion inside the
minute flow path (can be hybridized with the probe
DNA fluorescent-labeled after the amplified gene
has been trapped by the detection portion.
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(1b) A specimen is mixed with the reagent containing
the antibody specific to the antigen, metabolic sub-
stances, hormone and other analytes presentin the
specimen, preferably the monoclonal antibody. In
this case, the antibody is labeled with biotin and
FITC. Thus, the product obtained by antigen-anti-
body reaction contains biotin and FITC. This is fed
into the detection portion in the minute flow path on
which protein having an affinity for biotin (preferably
streptoavidin) is adsorbed, and is fixed at the detec-
tion portion through the coupling between the biotin-
philic protein and biotin.

(2) A gold colloidal liquid whose surface is modified
with the anti-FITC antibody specifically coupled with
the FITC is fed into the minute flow path, and the
gold colloid is adsorbed on the FITC of the ana-
lyte/antibody reactant fixed thereby, or to the FITC-
modified probe hybridized with the gene.

(3) The concentration of the gold colloid in the minute
flow path is optically measured.

[0171] The embodiments of the presentinvention have
been discussed above. It is to be expressly understood,
however, thatthe presentinventionis not restricted there-
to, and changes and variations may be made without
departing from the scope of the appended claims.

Claims
1. A microreactor (1), comprising in a plate like chip:

a reagent storage section; the reagent storage
section including:

a storage chamber (34a) for storing a liquid
reagent (57, 57a, 57b) therein;

an inlet (34b) through which a driving solu-
tion (50) isinjected into the storage chamber
(34a); and

an outlet (34c) through which the reagent
(57, 57a, 57b) is pushed out of the storage
chamber (34a) by the driving solution (50)
having been injected,

a reagent feed-out flow path (43, 43a, 43b)
which communicates with the reagent storage
section and through which the reagent (57, 57a,
57b) is fed out of the reagent storage section;
an opening (32, 32a to 32k) which communi-
cates with the inlet (34b) of the reagent storage
section through a flow path (45, 53a, 53b) and
is configured to communicate with an external
pump for feeding the driving solution (50) when
the external pump is connected to the chip;

a branch flow path (45a) which is branched off,
at a branch section (55) at a position of the inlet
(34b), from the flow path (45, 53a, 53b) connect-
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ing the opening (32, 32ato 32k) to the inlet (34b);
an air evacuation flow path (46, 46a, 46b) which
is provided in the branch flow path (45a), and
whose distal end is open to an outside,

a water-repellent valve (51, 51a, 51b) which is
provided at the outlet (34c) of the reagent stor-
age section; and

a water-repellent valve (51, 51a, 51b) which is
provided atthe inlet (34b) of the reagent storage
section;

wherein a flow path resistance of the air evacu-
ation flow path (46, 46a, 46b) when aliquid flows
therethrough is greater than a flow path resist-
ance of a flow channel, which starts from the
branch section (55) as a starting point and in-
cludes from the branch section (55) to the rea-
gent feed-out flow path (43, 43a, 3b), when the
liquid flows through the flow channel, so that af-
ter the fed driving solution (50) has removed air
existing between the reagent (57, 57a, 57b) and
the driving solution (50) through the air evacu-
ation flow path (46, 46a, 46b) and the branch
flow path (45a) has been filled with the driving
solution (50), the driving solution (50) pushes
out the reagent (57, 57a, 57b) filled in the rea-
gent storage section therefrom into the reagent
feed-out flow path (43, 43a, 43b) while allowing
no air to be entrapped between the driving so-
lution (50) and the reagent (57, 57a, 57b).

The microreactor (1) of claim 1, wherein a flow path
resistance of the air evacuation flow path (46, 46a,
46b) when the liquid flows therethrough is 10 times
or higher than a flow path resistance of the flow chan-
nel when the liquid flows therethrough, the flow chan-
nel which starts from the branch section (55) as a
starting point and includes from the reagent storage
section to the reagent feed-out flow path (43, 43a,
43b).

The microreactor (1) of claims 1 or 2, wherein a flow
path resistance of the air evacuation flow path (46,
46a, 46b) when an air flows therethrough is smaller
than a flow path resistance of the flow channel when
the liquid flows therethrough, the flow channel which
starts from the branch section (55) as a starting point
and includes from the reagent storage section to the
reagent feed-out flow path (43, 43a, 43b).

The microreactor (1) of any one of claims 1 to 3,
wherein the water-repellent valve (51, 51a, 51b)
which is provided at the outlet (34c) of the reagent
storage section includes:

a liquid feed controlling flow passage (52) which
connects a flow path (45, 53a, 53b) on a side of
the reagent storage section to a flow path (45,
53a, 53b) on a downstream side of the liquid-
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feed controlling flow passage, and have a cross-
sectional area smaller than a cross-sectional ar-
ea of these flow paths (45, 53a, 53b),

wherein the water-repellent valve (51, 51a, 51b)
prevents a reagent (57, 57a, 57b) from passing
through unless a liquid feed pressure reaches a
predetermined pressure and allows the reagent
(57, 57a, 57b) to pass through when the liquid
feed pressure equal to or higher than the pre-
determined pressure is applied, and a flow rate
Q of a liquid flowing into the branch section (55)
from the opening (32, 32a to 32k) satisfies the
following relationship:

P/RL<Q < P/Ra

wherein:

P is a pressure where a reagent (57, 57a,
57b) passes through the water-repellent
valve (51, 51a, 51b);

Ry is a flow path resistance where an air
passes through the air evacuation flow path
(46, 46a, 46b); and

R is a flow path resistance where a liquid
passes through the air evacuation flow path
(46, 46a, 46b).

5. The microreactor (1) of any one of claims 1 to 4,
comprising:

a plurality of the reagent storage sections;

a plurality of the reagent feed-out flow paths (43,
43a, 43b); and

a junction (35, 38, 41) at which each of the plu-
rality of the reagent feed-out flow paths (43, 43a,
43b) meets,

wherein a ratio between a fluid resistance of
each of the air evacuation flow paths (46, 46a,
46b) when a liquid flows therethrough is sub-
stantially the same as a ratio between a flow
path resistance of each of the flow channels
when a liquid flows therethrough, the flow chan-
nel which starts from the branch section (55) as
a starting point and includes from the reagent
storage section to the reagent feed-out flow path
(43, 43a, 43b).

6. The microreactor (1) of any one of claims 1 to 5,
comprising:
a reservoir section (42) which is provided on an exit
side of the air evacuation flow path (46, 46a, 46b)
for reserving the driving solution (50) fed out through
the air evacuation flow path (46, 46a, 46b).

7. The microreactor (1) of claim 6, comprising:
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an opening (56) which is communicated with the
reservoir section (42) and whose distal end is
open to an outside; and

a water-repellent valve (51c) which is provided
between the opening (56) and the reservoir sec-
tion (42), the water-repellent valve (51c) in-
cludes:

a liquid-feed controlling flow passage which
connects a flow path (45, 53a, 53b) on a
side of the reservoir section (42) to a flow
path (45, 53a, 53b) on a side of the opening
(56), and have a cross-sectional area small-
er than a cross-sectional area of these flow
paths (45, 53a, 53b),

wherein the water-repellent valve (51c) pre-
vents the driving solution (50) from passing
through to a side of the opening (56) unless
a liquid pressure exceeds a predetermined
pressure.

8. A microreactor (1) according to claim 1, wherein the
storage chamber (34a) is filled with a liquid reagent
(57, 57a, 57b).

Patentanspriiche

Ein Mikroreaktor (1), umfassendin einen plattenahn-
lichen Chip:

eine Reagenzspeichersektion; wobei die Rea-
genzspeichersektion beinhaltet:

eine Speicherkammer (34a) zum Aufbe-
wahren eines flissigen Reagenz (57, 573,
57b) darin;

einen Einlass (34b), durch den eine An-
triebslésung (50) in die Speicherkammer
(34a) injiziert wird; und

einen Auslass (34c), durch den das Rea-
genz (57, 57a, 57b) durch die injizierte An-
triebsldsung (50) aus der Speicherkammer
(34a) herausgedriickt wird,

einen Reagenzien-Ausflusspfad (43, 43a, 43b,
43b), der mit der Reagenzspeichersektion in
Verbindung steht und durch den das Reagenz
(57,57a, 57b) aus der Reagenzspeichersektion
abgefiihrt wird;

eine Offnung (32, 32a bis 32k), die mit dem Ein-
lass (34b) der Reagenzspeichersektion Uber ei-
nen Strdmungspfad (45, 53a, 53b) in Verbin-
dung steht und konfiguriert ist, um mit einer ex-
ternen Pumpe zum Zufiihren der Antriebslésung
(50) zu kommunizieren, wenn die externe Pum-
pe mit dem Chip verbunden ist;

einen Abzweigstrémungspfad (45a), der an ei-
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nem Abzweigabschnitt (55) an einer Position
des Einlasses (34b) von dem Strémungspfad
(45, 53a, 53b) abgezweigt ist, der die Offnung
(32, 32a bis 32k) mit dem Einlass (34b) verbin-
det;

einen Luftaustrittsstromungspfad (46, 46a,
46b), der in dem Abzweigstromungspfad (45a)
vorgesehen ist und dessen distales Ende nach
einer AuRenseite offen ist,

ein wasserabweisendes Ventil (51, 51a, 51b),
das am Auslass (34c) des Reagenzspeicherab-
schnitts vorgesehen ist; und

ein wasserabweisendes Ventil (51, 51a, 51b),
das am Einlass (34b) des Reagenzspeicherab-
schnitts vorgesehen ist;

wobei ein Strémungswiderstand des Luftaus-
trittsstromungspfades (46, 46a, 46b), wenn eine
Flussigkeit hindurchstromt, groRer ist als ein
Stréomungswiderstand eines Strémungspfads,
der vom Abzweigabschnitt (55) als Ausgangs-
punkt ausgeht und den Abzweigabschnitt (55)
zum Reagenzien-Ausflusspfad (43, 43a, 43b)
beinhaltet, wenn die Flussigkeit durch den Stro-
mungspfad strémt, so dass, nachdem die zuge-
fuhrte Antriebslésung (50) zwischen dem Rea-
genz (57, 57a, 57b) und der Antriebsldsung (50)
vorhandene Luft durch den Luftaustrittsstro-
mungspfad (46, 46a, 46b) entfernt hat, und der
Abzweigstromungspfad (45a) mit der Antriebs-
I6sung (50) gefillt ist, die Antriebsldsung (50)
das Reagenz (57, 57a, 57b), welches die Rea-
genzspeichersektion fillt, hieraus in den Rea-
genzien-Ausflusspfad (43, 43a, 43b, 43b) her-
ausdriickt, wobeidas EinschlieRen von Luft zwi-
schen der Antriebsldsung (50) und dem Rea-
genz (57, 57a, 57b) nicht zugelassen wird.

Der Mikroreaktor (1) nach Anspruch 1, wobei ein
Stromungswiderstand des Luftaustrittsstromungs-
pfads (46, 46a, 46b), wenn die FlUssigkeit durch ihn
stromt, das 10-fache oder hoher ist als ein Stro-
mungswiderstand des Strémungspfads, wenn die
Flussigkeit durch ihn strédmt, wobei der Strdmungs-
pfad vom Abzweigabschnitt (55) als Ausgangspunkt
ausgeht und von der Reagenzspeichersektion zum
Reagenzien-Ausflusspfad (43, 43a, 43b) beinhaltet.

Der Mikroreaktor (1) nach Anspruch 1 oder 2, wobei
ein Strdmungswiderstand des Luftaustrittsstro-
mungspfads (46, 46a, 46b), wenn eine Luft durch
ihn stromt, kleiner ist als ein Strdmungswiderstand
des Strémungspfads, wenn die Flussigkeit durch ihn
stromt, wobei der Strémungspfad vom Abzweigab-
schnitt (55) als Ausgangspunkt ausgeht und von der
Reagenzspeichersektion zum Reagenzien-Aus-
flusspfad (43, 43a, 43b) beinhaltet.

Der Mikroreaktor (1) nach einem der Anspriiche 1
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bis 3, wobei das wasserabweisende Ventil (51, 51a,
51b), das am Auslass (34c) der Reagenzspeicher-
sektion vorgesehen ist, Folgendes beinhaltet:

einen Flussigkeitszufuhrsteuerungs-Stro-
mungspfad (52), der einen Stromungspfad (45,
53a, 53b) auf einer Seite der Reagenzspeicher-
sektion miteinem Strémungspfad (45, 53a, 53b)
auf einer stromabwarts gelegenen Seite des
Flussigkeitszufuhrsteuerungs-Strémungs-
pfads verbindet und eine Querschnittsflache
aufweist, die kleiner als eine Querschnittsflache
dieser Stromungspfade (45, 53a, 53b) ist,
wobei das wasserabweisende Ventil (51, 51a,
51b) verhindert, dass ein Reagenz (57, 57a,
57b) hindurchpassiert, es sei denn, ein Flissig-
keitszufiihrungsdruck erreicht einen vorbe-
stimmten Druck und Iasstdas Reagenz (57, 57a,
57b) hindurchpassieren, wenn der Flissigkeits-
zuflihrungsdruck gleich oder héher als der vor-
bestimmte Druck ist, und eine Flussrate Q einer
Fliissigkeit, die von der Offnung (32, 32a bis
32k) in den Abzweigabschnitt (55) strémt, die
folgende Beziehung erfillt:

P/R.£Q < P/Ra

wobei:

P ist ein Druck, bei dem ein Reagenz (57,
57a, 57b, 57b) durch das wasserabweisen-
de Ventil (51, 51a, 51b, 51b) passiert;

R, istein Stromungswiderstand, wobei eine
Luft durch den Luftaustrittsstrémungspfad
(46, 46a, 46b) strémt; und

R ist ein Strémungswiderstand, bei dem
eine Flussigkeit den Luftaustrittsstro-
mungspfad (46, 46a, 46b) passiert.

5. Der Mikroreaktor (1) nach einem der Anspriiche 1

bis 4, umfassend:

eine Vielzahl der Reagenzspeichersektionen;
eine Vielzahl der Reagenzien-Ausflusspfade
(43, 43a, 43b); und

eine Verbindung (35, 38, 41), an der sich jeder
derVielzahl der Reagenzien-Ausflusspfade (43,
43a, 43b) trifft,

wobei ein Verhaltnis zwischen einem Fluidwi-
derstand von jedem der Luftaustrittsstrémungs-
pfade (46, 46a, 46b, 46b), wenn eine Flussigkeit
durch sie strémt, im Wesentlichen das gleiche
ist wie ein Verhaltnis zwischen einem Stro-
mungswiderstand jedes der Strémungskanéle,
wenn eine Flissigkeit durch sie stromt, wobei
der Strémungspfad vom Abzweigabschnitt (55)
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als Ausgangspunkt ausgeht und von der Rea-
genzspeichersektion zum Reagenzien-Aus-
flusspfad (43, 43a, 43b) beinhaltet.

Der Mikroreaktor (1) nach einem der Anspriiche 1
bis 5, umfassend:

eine Reservoirsektion (42), die auf einer Ausgangs-
seite des Luftaustrittsstromungspfades (46, 46a,
46b, 46b) vorgesehen ist und zum Zurlckbehalten
der Antriebslésung (50), die Uber den Luftaustritts-
strdomungspfad (46, 46a, 46b) zugeflhrt wird, dient.

Der Mikroreaktor (1) nach Anspruch 6, umfassend:

eine Offnung (56), die mit der Reservoirsektion
(42) verbundenistund deren distales Ende nach
aullen offen ist; und

ein wasserabweisendes Ventil (51c), das zwi-
schen der Offnung (56) und der Reservoirsekti-
on vorgesehen ist, wobei das wasserabweisen-
de Ventil (51c) Folgendes beinhaltet:

einen Flissigkeitszufuhrsteuerungs-Stro-
mungspfad, der einen Strémungspfad (45,
53a, 53b) auf einer Seite der Reservoirsek-
tion (42) miteinem Strémungspfad (45, 53a,
53b) auf einer Seite der Offnung (56) ver-
bindet und eine Querschnittsflache auf-
weist, die kleiner ist als eine Querschnitts-
flache dieser Strémungspfade (45, 53a,
53b),

wobei das wasserabweisende Ventil (51c)
die Antriebslésung (50) daran hindert durch
eine Seite der Offnung (56) zu passieren,
es sei denn, ein Flussigkeitsdruck Uber-
schreitet einen vorbestimmten Druck.

Ein Mikroreaktor (1) nach Anspruch 1, wobei die
Speicherkammer (34a) mit einem flissigen Rea-
genz (57, 57a, 57b) geflllt ist.

Revendications

Microréacteur (1) comprenant dans une puce en for-
me de plaque :

une section de stockage de réactif ; la section
de stockage de réactif comprenant :

une chambre de stockage (34a) pour stoc-
ker un réactif liquide (57, 57a, 57b) dans
celle-ci ;

une entrée (34b) a travers laquelle une so-
lution d’entrainement (50) est injectée dans
la chambre de stockage (34a) ; et

une sortie (34c) a travers laquelle le réactif
(57, 57a, 57b) est poussé dehors de la
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chambre de stockage (34a) par la solution
d’entrainement (50) qu’on a injectée,

un trajet de flux de sortie de réactif (43, 43a,
43b), qui communique avec la section de stoc-
kage de réactif et a travers lequel le réactif est
déchargé de la section de stockage de réactif,

une ouverture (32, 32a a 32k), qui communique
avec I'entrée (34b) de la section de stockage de
réactif par un trajet de flux (45, 53a, 53b) et qui
est configurée pour communiquer avec une
pompe externe pour alimenter la solution d’en-
trainement (50), si la pompe externe est reliée
a la puce ;

un trajet de flux bifurquant (45a), qui bifurque du
trajet de flux (45, 53a, 53b) reliant 'ouverture
(32, 32a a 32k) a I'entrée (34b) a une section de
bifurcation (55) a une position de I'entrée (34b) ;
un trajetde flux d’évacuation d’'air (46, 46a, 46b),
qui est prévu dans le trajet de flux bifurquant
(45a) et dont I'extrémité distale est ouverte vers
I'extérieur, une vanne de répulsion d’eau (51,
51a, 51b), qui est prévue a la sortie (34c) de la
section de stockage de réactif ; et

une vanne de répulsion d’eau (51, 51a, 51b),
qui est prévue a I'entrée (34b) de la section de
stockage de réactif ;

dans lequel une résistance de trajet de flux du
trajet de flux d’évacuation d’air (46, 46a, 46b),
quand une liquide coule a travers celui-ci, est
plus grande qu’une résistance de trajet de flux
d’un canal de flux, qui part de la section de bi-
furcation comme point de départ et s’étend de
la section de bifurcation (55) au trajet de flux de
sortie de réactif (43, 43a, 43b), quand le liquide
coule atraversle canal de flux, de sorte qu’apres
la solution d’entrainement (50) alimentée ait ex-
pulsé de l'air qui se trouve entre le réactif (57,
57a, 57b) et la solution d’entrainement (50) a
travers le trajet de flux d’évacuation d’air (46,
464, 46b) et le trajet de flux bifurquant (45a) ait
été rempli avec la solution d’entrainement (50),
la solution d’entrainement (50) pousse le réactif
(57, 57a, 57b) mis dans la section de stockage
de réactif dehors de celle-ci dans le trajet de flux
de sortie de réactif (43, 43a, 43b) en empéchant
que de l'air soit emprisonné entre la solution
d’entrainement (50) et le réactif (57, 57a, 57b).

Microréacteur (1) selon la revendication 1, dans le-
quel une résistance de trajet de flux du trajet de flux
d’évacuation d’air (46, 46a, 46b), quand de l'air pas-
se a travers celui-ci, est 10 fois ou encore plus gran-
de qu’une résistance de trajet de flux du canal de
flux, quand le liquide coule a travers celui-ci, le canal
de flux partant de la section de bifurcation (55) com-
me point de départ et s’étendant de la section de
stockage de réactif au trajet de flux de sortie de réac-
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tif (43, 43a, 43b).

Microréacteur (1) selon la revendication 1 ou la re-
vendication 2, dans lequel une résistance de trajet
de flux du trajet de flux d’évacuation d’air (46, 46a,
46b), quand de 'air passe a travers celui-ci, est plus
petite qu’une résistance de trajet de flux du canal de
flux, quand le liquide coule a travers celui-ci, le canal
de flux partant de la section de bifurcation (55) com-
me point de départ et s’étendant de la section de
stockage de réactif au trajet de flux de sortie de réac-
tif (43, 43a, 43b).

Microréacteur (1) selon 'une quelconque des reven-
dications 1 a 3, dans lequel la vanne de répulsion
d’eau (51, 51a, 51b), qui est prévue a la sortie (34c)
de la section de stockage de réactif, comprend :

un trajet de flux de contréle d’alimentation en
liquide (52), qui relie un trajet de flux (45, 53a,
53b) sur un cété de la section de stockage de
réactif a un trajet de flux (45, 53a, 53b) sur un
coté aval du trajet de flux de contrdle d’alimen-
tation en liquide, et qui comprend une section
transversale inférieure a une section transver-
sale de ces trajets de flux (45, 53a, 53b),

dans lequel la vanne de répulsion d’eau (51,
51a, 51b) empéche un réactif (57, 57a, 57b) de
passer, a moins qu’une pression d’alimentation
en liquide parvienne a une pression prédétermi-
née et permet au réactif (57, 57a, 57b) de pas-
ser, si la pression d’alimentation en liquide est
égale ou supérieure a la pression prédétermi-
née et un débit Q d’un liquide qui passe dans la
section de bifurcation (55) a partir de 'ouverture
(32, 32a a 32k) satisfait a la relation suivante :

P/RL<Q < P/Ra

dans laquelle :

P est une pression quand un réactif (57,
57a, 57b) passe a travers la vanne de ré-
pulsion d’eau (51, 51a, 51b) ;

R, est une résistance de trajet de flux, side
I'air passe a travers le trajet de flux d’éva-
cuation d’air (46, 46a, 46b) ; et

R est une résistance de trajet de flux, si un
liquide passe a travers le trajetde fluxd’éva-
cuation d’air (46, 46a, 46b).

5. Microréacteur (1) selon I'une quelconque des reven-

dications 1 a 4, comprenant :

une pluralité de sections de stockage de réactif ;
une pluralité de trajets de flux de sortie de réactif
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(43, 43a, 43b) ; et

un carrefour (35, 38, 41), auquel chacun de la
pluralité de trajets de flux de sortie de réactif (43,
43a, 43b) se croisent,

dans lequel un rapport entre une résistance de
flux de chacun des trajets de flux d’évacuation
d’air (46, 46a, 46b), quand un liquide passe a
travers ceux-ci, est essentiellement le méme
qu’un rapport entre une résistance de trajet de
flux de chacun des canaux de flux, quand un
liquide passe a travers ceux-ci, le canal de flux
partant de la section de bifurcation (55) comme
point de départ et s’étendant de la section de
stockage de réactif au trajet de flux de sortie de
réactif (43, 43a, 43b).

Microréacteur (1) selon I'une quelconque des reven-
dications 1 a 5, comprenant :

une section de réservoir (42), qui est prévue sur
un c6té de sortie du trajet de flux d’évacuation
d’air (46, 46a, 46b) pour garder la solution d’en-
trainement (50) déchargée a travers le trajet de
flux d’évacuation d’air (46, 46a, 46b).

revendication 6,

Microréacteur (1) selon la

comprenant :

une ouverture (56) qui est reliée a la section de
réservoir (42) et dont I'extrémité distale est
ouverte vers I'extérieur ; et

une vanne de répulsion d’eau (51c), qui est pré-
vue entre I'ouverture (56) et la section de réser-
voir (42), la vanne de répulsion d’eau (51c)
comprenant :

un trajet de flux de contréle d’alimentation
enliquide, quirelie un trajet de flux (45, 53a,
53b) sur un cété de la section de réservoir
(42) a un trajet de flux (45, 53a, 53b) sur un
cotédel'ouverture (56) et quicomprend une
section transversale inférieure a une sec-
tion transversale de ces trajets de flux (45,
53a, 53b),

dans lequel la vanne de répulsion d’eau
(51c) empéche la solution d’entrainement
(50) de passer a un c6té de I'ouverture (56),
a moins qu’une pression de liquide excede
une pression prédéterminée.

Microréacteur (1) selon la revendication 1, dans le-
quel la chambre de stockage (34a) est remplie avec
un réactif liquide (57, 57a, 57b).
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